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A little different flavor
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*Residential sector

*Renewables

*Supply side—
connecting dots




Forecasting

+ Relies on data, preferably good data A A

< Both demand- and supply-side data and
analysis—a systems approach

<+ Short-term forecasts vs. long-term scenarios /|
+» World o1l data notoriously bad (M.E.) /

I|
« US natural gas data slow to arrive, cause ¢ /T J (4}
disagreement in advance gL |4/
+ Just two for-the-record long-term forecasts |.* Lol A
+ Bducated bets, short term and long (L.V.) \ / =\

+» US DOE EIA’s awtful track record . .



8

"THE DENVE

Information
and
misinformation

Conventional
wisdom is based
on fuzzy math

*Error range:
50%-70% %

 Gas CEOs’
annual
breakfast club
bet

A g Dier [ AR
Thursday, December 3, 1998 | -
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- ow fuel prices could linger

Effects of Asia crisis

seen as long-term

By Allen R. Myerson
The Mew York Times

DALLAS — Awgﬂ_
lapse will depress oil and gasoline
yrices [or near savin
motorists in the United States
qﬁ_&m_giﬁ_b___l_[ £ 13 cents a gallon in 2000
alone, the Energy Deparimen
_said.

While the Asian crisis has al-
ready helped to- lower energy
costs, the rt offers by far the
strongest evidence that the effects
will be deep and long-lasting.

" In ‘the United States, continued
iow energy prices are likely to lim-
it inflation, economists say. Weak

y demand and heavy global
L iction also reduce the nation’s
v.....erability to any sudden disrup-
tion of oil imports, which account
for about half of U.S. demand.

But the low oil and gasoline
prices also hamper the fight
2gainst global warming.

With oil at $13 or $15 a barrel,
there are few economic incentives
for saving energy or using renew-
able energy sources to reduce pol-
{ution that is blamed for global
warming.

The oil glut has also. resulted
from falling production costs and
the opening of new regions. The
Energy Department expects
higher production from the Caspi-

the department’s Energy Informa-
tion Administration, whi d

an Sea, the North Sea and the wa-
ters off West Africa, as well as
from Mexico, Colombia and Bra zil.

While -some oil companies are

trimming their investments, many
a a ecls Lo

turn id Jay Ha jef of

e report. n the
spigot off on a well that’s already

The 13-cent-a-gallon savings in -

the year 2000 are from the prices
forecast if there had been no Asian
crisis. Analysts at-the Energy De-

ergy demand there soars once
again, he says, global production
can keep up. Not until about 2007

does his-agency see oil rices re-
turning to about where tlEeg would
have been apart from Asia's woes.

0il companies, already trying to
cut their staffs and economize,
have been pessimistic about prices
for the next few years.

Mark Moody-Stuart, chairman
of Royal Dutch/Shell, the world’s

largest oil company, recently pre-
dicted prices of 312 to $1b a barrel

over the next two to three years.

partment and the oil companies
doubt that oil prices will necessari-
ly remain at the present levels of
less than $13 a barrel. The partial
resumption of Iragi output, to pay
for food, has recently forced prices
down, leaving unleaded regular
gasoline at less than $1 a_gallon
throughout much of the nation.

The Energy Department, relying
on economic forecasts by DRI/Mc-
Graw Hill, sees Asia recovering so

slowly that the average oil price1i
the year 2 or_ipfla-
Emngfwm §f'l e less

That }Erice s about $5.50 a bar-
rel Tess than the $19.50 the depart-
e

the scale of Asia’'s problems be-
ame evident.

came evident.

Hakes cautions that it is unclear
how quickly Asia will recapture
foreign investment. But even if en-
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Long-Term Forecasting (Scenariqu £

<~ How much resource is
out there?
* Geology and EUR

<~ What development rate?
<~ What depletion rate?
<~ What rate of demand?

*Hubbert (USGS) 200 BBI vs. McKelvey/Zapp (USGS) 590 BBI® % °

«Hubbert won big (but for 20 vears, poor assumptions hurt ** f\,
energy policy) .




Lower-48 States: history and pm]ec 0
crude oil production |
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/
Review of Oil EUR Assessments,f/ A

I f |
+» 1942 to present |

+» Learning curve

» Trend: multiple analyses/forecasts by samé |
individuals leads to higher assessments |}

/Q |
¥
| B - 4 o8 4 8
% One grouping around 2 trillion barrels >/}, ¥ | ./ 4

. . .« |# . d
conventional oil o f \,;' {

% Some recent #s towards 3 trillion— e 44 \{
especially “all liquids” numbers... oA d ad



EUR listing from the USGS

WORLD'S OIL (& LIQUIDS) AND GAS ULTIMATES

b | | |
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Which USGS estimate 7

Yet-to-And 1855-2025
all
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Smoothed Discovery Gh

I:I 1 1 | 1 1 1 1

1950 159:0 1970 1330 1930 2000 2010 2020

—— Past PO5 Mean P5
And claims Reserve Growth of 20% -70% - 100% |

Source: Colin Campbell, author and retired petroleum geologist (ASPO)



Discoveries peaked during 1960s;
lagging the USGS projection 7/ |

* 1980s
OPEC
Increases
due to
“quota
wars’’ not
based on
discoveries

o
i

World oil+condensate discovery (FSU reduced & excl.
extra-heavy oils) and production
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Matt Simmons’ studies of 41
giant oil fields: /ﬂ
Helping us understand depletion. f X /\ l

* Prudhoe Bay: largest 1600000 —— =T 7 .
oil field in the US=—> S A R Y
1200000 |-/ i
* Well-managed oil B 1000000 |+~
fields are like athletes 5 800000 | f N }
09_600000
* Production peaked in 1070707010 A A O O O O R M
1987 200000 | /]
. o[ I S R S S B A
* Depletion: over a 2/3 1975 1980 1985 1990 1995 2000 2005 2010
production decline Year \
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The non-OPEC “Critical Two”
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The China Factor

5000
 Production flat +/- 4000
(Daqing field) 3000
2000

* Imports increasing

30% this year,upto £
4 million b/d by E -1002
2010—60% of use  ~
-2000
Energy market ~3000
problems today ~4000
-5000

Production (optimistic)

Imports

Years: 1990 - 2015

* WSJ 12/3/03: BP’s chief economist Peter Davies—*“T. he whole A
center of gravity of world energy markets is changing.” ; |
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From EUR to World Oil Peak:

The Forecast According to ASPO ¥

Oil & Natural Gas Liquids &

2003 Base Case Scenario /j

MEast

30

20 -

/
10 //
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usS48
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Remember: forecasting a peak

doesn’t mean ¢

Problem: many
commentators
don’t see the
world reaching
above 90 million
barrels/day, due
to a variety of
1ssues (geology,
Investment,
infrastructure, the
economy, etc.)

unnmg out’

World oil production with different scenarios
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Range is broad by well-informed
estimators; most by 2020

World Oil Productio
Peaking

(0£027) 1IRPO

Royal Dutch/SheH (2025)




World conventional crude oil production with Wood's
forecast 2% &R/P=10 as Hubbert2 &3 Th

Gl | [ | [
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World Oil and Gas: Large Role of /
Non-Geologic Factors

Demand side

Supply side

f
|

H

< Economic health

<« Price volatility

<+~ Weather roulette

<« Political mitiatives

<« Political instability

«» User/market responses
« Social initiatives

+ Surprises (SARS)

+ Violence

« Market support

« Natural disasters

« Access to prospects

< Political unrest/strikes

«» Mergers/labor/rigs
« Elec. supply mandates
% Surprises
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Lack balanced vision (highlight new supply)

Why didn’t we see this coming? // :
Not all resources are created equal

Lack of appreciation of the depletion factor E
We’re increasingly at the mercy of weather roulette ’;/ L3

Bad data generation and forecasting by most players | .
didn’t provide warning: iy :* :

¥ i

The North American (no OPEC) f,/xr’/ %
Natural Gas Ambush ‘

drilling rates

Smaller and/or deeper pools require hard-to-imagine {
1/ g.
l

the NPC 1999 (re # of power plants) :
the GTI }
most industry analysts ry
esp. the US EIA



R P RaGLSARID
L e _ HENDWJAMN .~
b : ; SiaH

y Kiawr Al Amayw
R
'y Mima Al Bake
% L]

il

boundary

A SULABEDAR
KILUR KARIM

\?CH.ILHJ'MHJ

IMPLEX .

..-"..
Aot h harg b

F R
R i
DORAS i

e ‘HW ESFANNAR
LuLy
KHARJ) o ZULLE FORDOZAN

= S
= =
| - MARJAN
: Poicvan | \
MAHARAH | LAWHAH r“m"‘”
o, ETTFTHL T T
HARQLUS % ————— - {
FA
" “d MANFA \
KAFAN . A
S KLIRAY N Jurayn

'HH.!'-.‘HEB-PIW-‘LH ’ ‘ . e
AIYA o A JANA ansm W '
. BEARAI ..
A 3

FADIHILI .
4

i Pl LT A
CATIF f .‘!

."-"'-';’f" {/
i

SAMIN

Lints
Farzan  DAMMAM

- — J

FAZRAN ' ARQAIG

= baag T
A dar

- %
Shedgiim Gz af

& Mubarraz . “
LT 1
-+ ufuf

Lithiruriiyah '

GHAWAR



2. Regional Resource Assessment Sumniary

Coalbed Gas Total
Resources Resources
(M.L., Tcf) (Tcf)

Traditional
Resources
(Mean, Tcf)

Region’s
Proportion

PGC Area of Total L48

Gulf Coast

Rocky Mountain

Mid-Continent

Atlantic

Pacific

North Central
Total Lower 48

ASY RS
175.1
116.9
103.9

92.5

22.0
765.6

3.4
63.3
10.3
17.3

2.0
10.0

106.3

296.2
238.4
127.2
121.2

54.5

32.1
871.9

34.0%
27.3%
14.6%
13.9%
6.2%
3.7%

Alaska
Total U.S. (means)

193.8 57.0
958.3* 168.9

250.8
1,127 .1

*170 Tcf reserves; 1000 Tcf produced to date. .,



3. Natural gas depletion example

(Texas soon to build pipeline for oil importsy/

‘]
'y
¥

100,000 Mcf of natural gas (annual);

plus number of producing wells

120,000

History of Texas Natural Gas Production vs.
Number of Producing Gas Wells

100,000 -

80,000

\ \
Annual natural gas production

peaked in 1972

|

60,000 -

Since 1972, production
down 42%:; # of producing
wells has nearly tripled ||

el

40,000

20,000 -

/

# of producing wells up
50% since 1983, when

'-.."r"' production went flat

1932 - 2002

" e —
ol -




Depletion treadmill at work: F
Typical new Texas gas well 7/ |

HALF OF ALL THE GAS
THAT WILL BE

§ 250 PRODUCED.... T
5 IS PRODUCED IN THE FIRST L
=1200 TWO OR THREE YEARS —— {

I @

One Two Three Four Five Six Seven Eight Nine Ten Eleven Twelve



Gas Production Replacement, L48 US

50 Wet-Gas Production (Bcfd)

55
50
45

40
35
30
25
20
15

10 Production contribution from all well

completions made prior to 1981 Early-year production declines have

S l accelerated since the late 1980s.

0
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000




4. Weather Roulette:
Winter 02/03 Was Colder Than Winter 01/0
And Colder than Normal in Some Reglénsf

(Cumulative Heating Degree Days, Heating Season 2002- 2003)

—* United States — United States Normal 3
—t— >

Pl el
///
/

_ \

Source: Derived from Heating Degree Day Monitoring, National Climatic Center.



3. An Industry View of Your Gas Future / y

(three slides from GTI’s John Kelly,
Director of Distributed Energy,11/03)

% “The US hold nearly 100 years of natural gas
supplies assuming that prices support this
exploration.” [no Thelma + Louis Curve...]

+» “Wellhead prices of $4 would support investment}/- (
to tap these resources.

L. ," .
» “Continued replacement of older inefficient centrall*.
gas generation will moderate gas use for power. |+

» “LNG will play a more significant role in the
future moderating prices to around $4




Forecast from GRI in 2000 |,

GAS DEMAND BY SECTOR (QUADS)

A0 -

=5 -

300 - id 4

B Transportaton
M Eleciric Generation

25 4

26.6
28. 1 i [

n a B

15- I

10 -

. B

2000 2005 2010 2015

]

grl CGRI BASELINE CENTER--2000 Edsiwn of the GRI Basdime Frojeciion



Canadian exports to increase???))

 Production down

CANADIAN PIPELINE IMPORTS (TCF)

* Tar sands usage up

 Delta pipeline to be
high-jacked?

grl GRI BASELTNE CENTER-- 2000 Edibwm of the GRI Basdime Frgeciun



In early November, GTI asserts ./

Natural Gas Futures (NYMEX Henry Hub)

=
£ ~__—/ \_.
£ 45 - ~~—=" 2=
4 -
== 06-18-03 Open == (07-28-03 Open
3.5 08-27-03 Open =09-24-03 Open
=—=10-22-03 Open ==11-04-03 Open
3 I I I I I I l T l

Nov-03
Feb-04
May-04
Aug-04 |
Nov-04 |
Feb-05
May-05
Aug-05 |
Nov-05
Feb-06
May-06
Aug-06
Nov-06




Natural Gas Prices Giving Bayer a Big Headache /

PITTSBURGH, PENNSYLVANIA, May 1, 2003 Bayer Corporation 1s A
urging the U.S. Congress and the Administration to lift restrictions on
natural gas production in the Gulf of Mexico and the Outer Continental sh¢
and encourage natural gas supplies from Canada. Unprecedented leaps inf
natural gas prices ushered in by diminishing supplies and rising demand/|
threaten the U.S. chemical industry and economy, Bayer maintains.  {
"The U.S. chemical industry uses 11 percent of all natural gas.i the |
U.S. as feedstock material and to run its plants," explained Attila Molmar :
Bayer Corporation President and Chief Executive Officer.

“Natural gas prices should presently be 3- ;
between $2.50 and $3.50 per million cubic feet J_ / d

keep the U.S. chemical industry competitive in | 1 ‘
worldwide markets," Molnar said. '5_ '




Trillion CflYear

* US Production up 37% by 2025 *Prices: $3.25in 2007

* Canadian imports up 57%

F 4

;_.

EIA’S Immaculate Deception? ;| /

/I

2000, then 2003 US natural gas: past and future..';;! f‘(

1980 85 1990 1995 2000 2005 2010 2015 2020

$3.95 in 2025 (2001 $)



Conventional wisdom: Build
pipelines to bring proven gas
down from Alaska and the
Mackenzie Delta

The reality: It will be slow and
expensive to build. [Daniel
Yergin quote] We’re on a
steepening treadmill. We can’t
just drill and p1pe our way out of
this. Balance....




The Harsh Reality (from NPC Report) /

“Recent fundamental shifts in North
American natural gas markets have
led to the current market conditions
of higher gas prices and increased
price volatility. This situation will
likely persist...

BALANCING
NATURA

e “Production from traditional US
and Canadian basins has plateaued.

* “The 1999 NPC study assumed 144
gigawatts of new capacity through
2015, while the actual new capacity
is expected to exceed 200 gigawatts

by 2005.”




Gas-fired power plant additions

70 —

60 —+

50 —+

40 +

CAN THE PYTHON

T SWALLOW THIS PIG?

20 +

Thousand Megawatts

10 &

0
1990 92 94 96 98 2000 02 04 06



North American production according f /
'

to the NPC Report to the US DOE 7 /Q
(September 2003) |

35

30

LM
- — ALASKA
i D—
i NON-ARCTIC CANADA, mﬁnﬂm
T DELTA
(=]
2 ROCKIES
Z 15
o GULF OF MEXCO DEEPWATER
E 10 4
OTHER LOWER-48"
.:l | 1 ] | 1 ] 1 | | | | ] | 1 1 | | ] ] 1 | | | 1 ] ] 1 | | 1 ] | 1 1
180 195 000 700 2040 B 20120 2025
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* Froduction from iradibonal basins remadns sirong Dul has plaleaued; Rockies and deapavabor
Gulf of Mowico offesd dechnes n offwer ansas.

+ Groan is driven by LG imports and Brchic supply.

FIGURE 2
U5, AmD CARADAN HATURAL GRS SUPFLY

NPC sees 32 Tcf by 2025 for N.Am 1;'s.
ElIA’s 35 Tcf for US alone by 2020




Best case
takes lots of
commitment

v

RANGE OF POTENTIAL PRICES

Supply and demand will balance at a higher range of pnces than histoneal levels. That
price mnge will be primanly driven by demand response through efficiency and fwel Nexibahity,
the ability to mereass conventional and nonconventional supply from Rorth Amenca mchiding
the Arctic, and mereasing access o world respurces through LNG. National Petroleum Councal
price ranges for the allemate scemarios are illustrated m Figure 6. These are not stalas quo
scemarios. They both require significant imitiative by policy makers and mdusiry stakeholders to
implement the recommendations ol this repart in onder o acheve a halanced future.

" | HALANCED FUTURE
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North America Natural Gas Peak

< Optimists: DOE/EIA, GTI

< Harsh realists: Alan Greenspan, NPC, Canadlan f b |
Gas Potential Committee, Simmons & Company ‘ l\
International, Walter Youngquist, Richard ! i i'l |

Nehring, even the USGS f j ,:I __
+» Geologists: provide estimates of proven, /n / & |
probable & possible reserves : fF |1
<~ Economists: interpret estimates: prices, fﬁ /! I

technological improvements, econometric models'. /
+~ My guess: will be hard to regain 2001 production . -




Deepwater Gulf of Mexico:
hope or hype?

« Large and Giant Fields Are Discovered Early in the Exploration Process
* Discoveries of Large Gas Fields in the Gulf of Mexico by Decade

Field Size Range
>0.5 Tcf 0.25-0.5 Tcf Total

1940's 12 3 15
1950's 15 18 33
1960's 25 30 55
1970's 27 41 63
1980's 10 15 25  (26)
1990's 2 3) / (20)

Produced by Richard Nehring, NRG Associates



He’s concerned

Testimony of Federal Reserve
Chairman Alan Greenspan:
June 10 (and May 9, and July 10...)

*“Future prices suggest that we
are not apt to return to earlier
periods of relative abundance
and low prices anytime soon.

«““Canada has little capacity to...
expand its exports.”

*Depletion rates 27% today vs.
21% in 1997



Greenspan on LNG

“Access to world natural gas
supplies will require a major
expansion of LNG terminal import
capacity. Without the flexibility such
facilities will impart, imbalances in
supply and demand must inevitably
engender price volatility. As the
technology of LNG liquefaction and
shipping has improved, and as safety
considerations have lessened, a major
expansion of U.S. import capability . ‘
appears to be under way.” L.




Proved natural gas reserves at end 2002
Trilliom cubic metres

Africa
11.84

5. & Cenl

Asia Pacific
12.61

Middile East
56.06

Source: BP Statistical Review of World Energy 2003

Eurape &
Eurasia
61.04

st’s
o™



L48 Natural Gas Production and Forecdst /

mgele 0 BCIA ,
EIA Production Target I 0 |
g * A
O E 9 t
Historical : Forecast I
o0 : o( 1
. l
- Wi 1
v /
4 : Hydrocarbon Supply Model £
I : Projection to Meet EIA Target '
rd .
0 0 B l
i : i
0 n B
: A
. | \
0 . 0 ‘ 1

9380 1982 1984 1986 1988 1990 1992 1994 1990 1998 2000 2002 2004 2006 2008 2010 20 014 2016 2018 2020



Wish I could leave you on an up notd,
Thank you
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